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(54) Radio communication apparatus and transmission antenna changing metliod 



(57) Received signal strength detecting means 1 09 
and 110 detect received signal strength of the antennas 
of the respective temninals. A transmission antenna se- 
lector 111 selects an antenna with a maximum received 
signal strength with respect to the respective commu ni- 
ctation destinations, and when there is a plurality of com- 
munication destinations having the same antenna with 
a nnaximum received signal strength, the transmission 



antenna selector selects transmission antennas to be 
different from each other based on the received signal 
strength of the antennas with the second largest re- 
ceived signal strength, and an internal switch of a trans- 
mission antenna change device 114 is changed based 
on the selection result. This eliminates the need for pro- 
viding mixers without reducing transmissbn diversity ef- 
fect, and results in a reduction of a maximum output of 
a transmission amplifier. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a radio com- 
munication apparatus for performing transmission using 
selective diversity and a transmission antenna changing 
method. 

Description of the Related Art 

[0002] In a radio communication system, there has re- 
cently been used space diversity having a plurality of 
antenna branches (hereinafter referred to as simply "an- 
tenna") in a base station, for securing a plurality of paths 
in order to improve the quality of reception. As one 
space divers ity» there is a selective diversity that selects 
an optimum antenna in accordance with a propagation 
state. 

[0003] In the case of using the selective diversity on 
the transmit side, in a reverse link, the received signal 
strength of each terminal is obtained for each antenna 
and an antenna with a large received signal strength is 
selected, and signals are transmitted from the selected 
antenna. 

[0004] Hereinafter, a description is given of the flow 
of signals in a conventional radio communication appa- 
ratus using a base station as an example of a radio com- 
munication apparatus. FIG. 1 is a block diagram show- 
ing the configuration of the conventional base station. 
[0005] First of all, signals radio transmitted from the 
respective terminals are received by antennas 11 to 14 
at the reception timing, and the received signals are in- 
put to received signal strength detecting means 1 9 and 
20 through transmission/reception switches 15 to 18. 
[0006] Then, received signal strength of each anten- 
na of each terminal is detected by detecting means 1 9 
and 20, and each detected received signal strength is 
associated with each antenna number and the result is 
stored temporarily. 

[0007] After that, a transmission antenna selector 21 
selects an antenna with a maximum received signal 
strength for each terminal and outputs a corresponding 
control signal to a transmission antenna change device 
24, so that an internal switch of transmission antenna 
change device 24 is changed on the basis of the control 
signal. 

[0008] Then, at the transmission timing, transmitting 
signals with respect to each terminal are output from 
transmitters 22 and 23, and input to any one of mixers 
25 to 28 through transmission antenna change device 
24. 

[0009] Thereafter, signals input to the respective mix- 
ers 25 to 28 are multiplexed, and radio transmitted from 
any one of antennas 11 to 14. 

[0010] FIG. 2 is a view showing a result of transmis- 
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sion antenna select processing, which is carried out by 
the transmission antenna selector 21 of the convention- 
al base station. 

[0011] In FIG. 2, regarding the received signal 
5 strength of antennas of terminal A, antennas 11 to 14 
have 47dB, 40dB, 42dB, 37dB, respectively. Also, re- 
garding the received signal strength of antennas of ter- 
minal B, antennas 11 to 14 have 50dB, 45dB, 38dB, 
41 dB, respectively. 

[0012] In the case of FIG. 2. the antenna with a max- 
imum received signal strength of terminal A is antenna 
11, and the antenna with a maximum received signal 
strength of terminal B is antenna 11. Therefore, trans- 
mission antenna selector 21 selects antenna 11 as a 
transmission antenna for terminal A, and selects anten- 
na 11 as a transmission antenna for terminal B. 
[0013] Thus, in the aforementioned conventional ra- 
dio communication apparatus and the transmission an- 
tenna changing method, an antenna whose received 
signal strength becomes maximum at the receptbn tim- 
ing of pre-transmission is selected as a transmission an- 
tenna. 

[0014] However, in the aforementioned conventional 
radio communication apparatus, mixers are required 
since there is possibility that transmitting signals will be 
transmitted to a plurality of terminals frorn the same an- 
tenna, and if n (n= two or more natural number) trans- 
mitters are used, n mixers are needed. For this reason, 
the rrK>re the number of transmitters to be used is in- 
creased, the greater a loss (about 3dB x n) occurred in 
the mixers becomes, so that unnecessary heat is gen- 
erated. 

[0015] Also, the loss occurred in the mixers corre- 
sponds to about a half of energy generated by a trans- 
mission amplifier provided in the transmitter, and this 
causes a problem in which a large-sized transmission 
amplifier must be used in consideration of such a loss. 

SUMMARY OF THE INVENTION 

[001 6] A first object of the present invention is to pro- 
vide a radio communication apparatus, which reduces 
a maximum output of a transmission amplifier with no 
need of mixers without deteriorating quality of transmit- 
ting signals and a transmission antenna changing meth- 
od. 

[0017] According to the present invention, when 
transmission antennas, each having a maximum re- 
ceived signal strength, are selected as transmission an- 
tennas with respect to the respective communication 
destinatrans and there exists a plurality of communica- 
tion destinations having the same antenna with a max- 
imum received signal strength, transmission antennas 
are selected not be to overlapped with other based on 
the second largest received signal strength of antennas, 
so that the aforementioned object can be attained. 



EP 0 998 056 A2 



15 



20 



25 



30 



35 



40 



45 



SO 



2 



4SDOCI0: <EP 0996056A2 I > 



3 



EP 0 998 056 A2 



4 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above and other objects and features of 
the Invention will appear more fully hereinafter from a 
consideration of the following description taken in con- 
nection with the accompanying drawing wherein one ex- 
ample is illustrated by way of exarnple, in which; 

FIG. 1 is a block diagram showing the configuration 

of the conventbnal base station; 

FIG. 2 is a view showing a result of transmission 

antenna select processing in the conventional base 

station; 

FIG. 3 is a system configuration view showing a ra- 
dio communication system including a base station 
of the present invention; 

FIG. 4 is a block diagram showing the configuration 
of the base station according to a first embodiment 
of the present invention; 

FIG. 5 is a flowchart showing a transmissk>n anten- 
na select processing of the base station according 
to the first embodiment of the present invention; 
FIG. 6 is a view showing a result of transmission 
antenna select processing of the b>ase station ac- 
cording to the first embodiment of the present in- 
vention; 

FIG: 7 is a block diagram showing the configuration 
of the base station according to a second embodi- 
ment of the present invention; 
FIG, 8 is a view showing a result of transmission 
antenna select processing of the base station ac- 
cording to the second embodiment of the present 
invention; 

FIG. 9 is a view explaining a channel allocation ac- 
cording to a third embodiment of the present inven- 
tion; 

FIG. 1 0 is a view explaining a channel allocation ac- 
cording to the third embodiment of the present in- 
ventbn; and 

FIG. 11 is a view showing the relationship between 
received signal strength and BER the third embod- 
iment of the present inventbn. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] Hereinafter, embodiments of the present in- 
vention will be specifically explained using a base sta- 
tion as an example of a radk> communrcation apparatus 
with reference to drawings accompanying herewith. 

(First embodiment) 

[0020] FIG. 3 is a system configuration view showing 
a radio communication system including the base sta- 
tion of the present invention. A base station 100 per- 
forms radio communications between terminals A and 
B simultaneously, and receives signals of a reverse link 



transmitted from terminals A and B, and transmits sig- 
nals of a forward link to the respective terminals A and 
B from one antenna selected among antennas 101 to 
104. 

5 [0021] FIG. 4 is a block diagram showing the config- 
uration of the base station according to the first embod- 
iment of the present invention. 

[0022] In FIG. 4, transmission/reception switches 1 05 
to 108. which are provided to use the same antenna at 

10 the receiving and transmitting time, output signals radio 
received by antennas 101 to 104 sheared between re- 
ception and transmission to received signal strength de- 
tectors 109 and 110. Then, transmission/reception 
switches 105 to 108 output transmitting signals sent 

15 from a transmission antenna change device 1 1 4 to an- 
tennas 101 to 104, respectively. 

[0023] The received signal strength detectors 109 
and 110 detect received signal strength of signals re- 
ceived by antennas 101 to 104 and antenna numbers 
20 and their received signaj strength are temporarily 
stored. 

[0024] The transmission antenna selector 111 selects 
antennas for transmitting signals to the respective ter- 
minals to be different from each other based on the re- 
25 ceived signal strength detected by the detectors 109 
and 110. Then, the transmission antenna selector 111 
outputs a control signal based on the selection result, 
and controls the transmission antenna change devbe 
114. 

30 [0025] Transmitters 1 1 2 and 1 1 3 use individual carri- 
ers, respectively, and output transmitting signals with re- 
spect to different terminals to the transmissran antenna 
change device 114. The transmission antenna change 
device 114 changes an intemal switch based on the con- 

-35 trol signal output from the transmission antenna selector 
111, and outputs the transmitting signals output from 
transmitters 1 1 2 and 1 1 3 to any one of transmission/re- 
ception switches 105 to 108. 

[0026] Next, a description is given of the flow of sig- 
40 nals of the t>ase station according to the first embodi- 
ment of the present invention. 

[0027] First of all, signals radio transmitted from the 
respective terminals are received by antennas 101 to 
104 at the reception timing. The received signals are in- 
put to received signal strength detectors 109 and 110 
through transmission/reception switches 105 to 108. 
[0028] Then, received signal strength of each anten- 
na of each terminal is detected by detector 1 09 and 110, 
and each detected received signal strength is associat- 
so ed with each antenna number, and the result is stored 
temporarily. 

[0029] After that, a transmission antenna selector 111 
selects transmission antennas from which transmitting 
signals with respect to the respective terminals are 
55 transmitted not be to overlapped with other based on 
the antenna numbers and received signal strength by 
transmission antenna select processing to be describe 
later. Then, a corresponding control signal is output to 
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the transmission antenna change device 114, and the 
internal switch of the transmission antenna change de- 
vice 1 14 is changed on the basis of the control signal. 
[0030] Then, at the transmission timing, transmitting 
signals with respect to each terminal are output from 
transmitters 112 and 113, and radio transmitted from any 
one of antennas 101 to 104 through transmission an- 
tenna change device 114 and transmission/reception 
switches 105 to 108. 

[0031 ] Next, a description is given of transmission an- 
tenna select processing, which is carried out by the 
transmission antenna selector 111 of the base station 
according to the first embodiment, with reference to the 
flowchart of FIG. 5. In this case, it is assumed that the 
transmitter 112 transmits data to terminal A, and that 
transmitter 1 1 3 transmits data to terminal B. Also, it is 
assumed that received signal strength detectors 1 09 de- 
tects the received signal strength from terminal A for 
each antenna, and that received signal strength detec- 
tors 110 detects the received signal strength from ter- 
minal B for each antenna. 

[0032] First of all, in step (hereinafter referred to as 
"ST*) 201, antenna (hereinafter referred to as "first an- 
tenna") Xal of terminal A having a maximum received 
signal strength and the received signal strength (here- 
inafter referred to as "first received signal strength") \^1 
are extracted from the output of received signal strength 
detector 109. Similarly, in ST202, first antenna Xb2 of 
terminal B and first received signal strength Vbl are ex- 
tracted from the output of received signal strength de- 
tector 110. 

[0033] Next, in ST203, it is determined whether or not 
first antenna Xal of terminal A is the same as first an- 
tenna Xbl of terminal B. Then, when first antenna Xa1 
of terminal A and first antenna Xbl of terminal B are dif- 
ferent from each other, antenna Xal is selected as a 
transmission antenna (hereinafter referred to "transmis- 
sion antenna for terminal A") of signals to be transmitted 
to terminal A from transmitter 112. Also, antenna Xbl is 
selected as a transmission antenna (hereinafter re- 
ferred to "transmission antenna for terminal B") of sig- 
nals to be transmitted to terminal B from transmitter 113 
in ST204. 

[0034] As a result of the determination of ST203, 
when first antenna Xal of terminal A is the same as first 
antenna Xbl of terminal B, antenna Xa2 (hereinafter re- 
ferred to as "second antenna") having the second larg- 
est received signal strength of terminal A and the re- 
ceived signal strength (hereinafter referred to as "sec- 
ond received signal strength) \/a2 are extracted in 
ST205. Also, second antenna Xb2 of terminal B and 
second received signal strength Vb2 are extracted in 
ST206. 

[0035] Next, in ST207, it is determined whether or not 
second received signal strength Va2 of terminal A is 
larger than second received signal strength Vb2 of ter- 
minal B. Then, when second received signal strength 
Vb2 of terminal B is larger than second received signal 



strength Va2 of terminal A, antenna Xal is selected as 
a transmission antenna for terminal A and antenna Xb2 
is selected as a transmission antenna for terminal B in 
ST208. 

s [0036] As a result of the determination of ST207. 
when second received signal strength Vb2 of terminal 
B is not larger than second received signal strength \/a2 
of terminal A, it is determined whether or not second re- 
ceived signal strength Va2 of terminal A is larger than 

to second received signal strength Vb2 of terminal B in 
ST209. Then, when second received signal strength 
Va2 of terminal A is larger than second received signal 
strength Vb2 of terminal B, antenna Xa2 is selected as 
a transmission antenna for terminal A and antenna Xbl 

^5 is selected as a transmission antenna for terminal B in 
ST210. 

[0037] As a result of the determination of ST209, 
when second received signal strength Va2 of terminal A 
is not larger than second received signal strength Vb2 

20 of terminal B, namely, second received signal strength 
Va2 of temninal A is equal to second received signal 
strength Vb2 of terminal B, it is determined whether or 
not first received signaJ strength Val of terminal A is 
larger than first received signal strength Vbl of terminal 

2S B in ST211. Then, when first received signal strength 
Val of terminal A is larger than first received signal 
strength Vb1 of terminal B, antenna Xal is selected as 
a transmission antenna for temilnal A and antenna Xb2 
is selected as a transmission antenna for terminal B in 

30 ST212. 

[0038] As a result of the determination of ST211, 
when first received signal strength \^1 of terminal A is 
not larger than first received signal strength Vbl of ter- 
minal B, antenna Xa2 is selected as a transmission an- 

35 tenna for tenninal A and antenna Xbl is selected as a 
transmission antenna for tenminal B in ST213- 
[0039] FIG. 6 is a view showing a result of transmis- 
sion antenna select processing conducted by transmis- 
sion antenna selector 111 of the base station according 

40 to the first embodiment. 

[0040] In FIG. 6, regarding the received signal 
strength of antennas of terminal A, antennas 1 01 to 1 04 
have 47dB, 40dB, 42dB, 37dB, respectively. Also, re- 
garding the received signal strength of antennas of ter- 

45 minal B, antennas 101 to 104 have 50dB, 45dB. 38dB, 
41 dB, respectively. 

[0041] In the case of FIG. 6, both the first antenna of 
terminal A and that of terminal B are antennas 101. 
Therefore, the transmission antenna selector 111 com- 

so pares the received signal strength of the second anten- 
na of terminal A with that of the terminal B. 
[0042] Since the received signal strength (45 dB) of 
the second antenna 102 of terminal B is larger than the 
received signal strength (42 dB) of the second antenna 

55 1 03 of terminal A, the transmission antenna selector 111 
selects antenna 101 as a transmission antenna for ter- 
minal A, and antenna 1 02 as a transmission antenna for 
terminal B. 
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[0043] The antennas can be thus allocated to be dif- 
ferent from each other as the transmission antenna for 
each terminaL As a result, the need for providing the 
mixers can be eliminated, and the transmission amplifier 
can be downsized, s 
[0044] Also, when the antenna with the maximum re- 
ceived signal strength is the same in two terminals, the 
second largest received signal strength of the antenna 
of one terminal is compared with that of the other termi- 
nal Then, the antenna with a larger received signal io 
strength is selected as a transmission antenna for the 
corresponding terminal, and the antenna having the 
maximum received signal strength is selected as a 
transmission antenna for the other terminaL This makes 
it possible to maximize an average value of the received ^5 
signal strength. 

[0045] Accordingly, it is possible to reduce deteriora- 
tion of diversity effect, which is caused when the anten- 
na with the maximum received signal strength cannot 
be selected as a transmission antenna, so that effective 
transmission diversity can be carried out. 

(Second embodiment) 

[0046] In the conventional base station, a predeter- 2S 
mined one transmission antenna for a control channel 
was fixed unlike a communication channel, which car- 
ried out selective diversity based on the received signal 
strength- 

[0047] However, control channel signals are transmit- 30 
ted to the plurality of terminals, which perform commu- 
nications with the self-station, and it is unnecessary to 
perform transmission diversity with respect to a specific 
destination station. For this reason, even if control chan- 
nel signals are transmitted from any antenna, there is ^ 
no difference in the quality of transmission. 
[0048] Therefore, according to the second embodi- 
ment, the transmission antenna for control channel is 
varied and the transmission antenna for communication 
channel Is selected. Thereafter, the transmission anten- 
na for communication channel is selected from the re- 
sidual antennas, so that the performance of transmis- 
sion diversity can be effectively. realized. 
[0049] FIG. 7 is a block diagram showing the config- 
uration of the base station according to the second em- 45 
bodiment. In the base station of FIG. 7, the same refer- 
ence numerals as those of FIG. 4 are added to the con- 
figuration portions common to the base station of FIG. 
4, and the explanation will be omitted. 
[0050] A transmisskjn antenna selector 301 selects 
antennas for transmitting signals to the respective ter- 
minals to be different from each other by the process 
shown in FIG.4 based on the received signal strength 
detected by the detectors 109 and 110. Then, transmis- 
sion antenna selector 301 selects an antenna for trans- 55 
mitting signals for control channel from the residual an- 
tennas. After that, transmission antenna selector 301 
outputs a control signal based on the result of the select 



processing, and controls a transmission antenna 
change device 302. 

[0051] The transmission antenna change device 302 
changes an internal switch based oh the control signal 
output from the transmission antenna selector 111 , and 
outputs transmitting signals sent from transmitters 112, 
113, and 303 to any one of transmission/reception 
switches 105 to 108. 

[0052] FIG. 8 is a view showing a result of transmis- 
sion antenna select processing, which is carried out by 
the transmission antenna selector 301 of the base sta- 
tion according to the second embodiment. 
[0053] In FIG. 8, regarding the received signal 
strength of antennas of terminal A, antennas 1 01 to 1 04 
have 37dB. 40dB, 42dB, 47dB, respectively. Also, re- 
garding the received signal strength of antennas of ter- 
minal B. antennas 101 to 104 have 38dB, 41dB. 45dB. 
50dB, respectively, 

[0054] In the case of FIG. 8, both the first antenna of 
terminal A and that of terminal B are antennas 104, 
Therefore, the transmission antenna selector 301 com- 
pares the received signal strength of the second anten- 
na of terminal A with that of the terminal B. 
[0055] Since the received signal strength (45 dB) of 
the second antenna 103 of terminal B is larger than the 
received signal strength (42 dB) of the second antenna 
1 03 of terminal A, the transmission antenna selector 301 
selects antenna 104 as a transmission antenna for ter- 
minal A and antenna 103 as a transmission antenna for 
terminal B. 

[0056] Then, the antenna selector 301 selects either 
residual antenna 101 or 102 as a transmission antenna 
for control channel. 

[0057] Thus, after the transmission antenna is allocat- 
ed to each terminal, the transmission antenna for control 
channel is selected from the residual antennas, so that 
the different antennas can be allocated as the transmis- 
sion antenna including one for control channel. As a re- 
sult, the need for providing the mixers can be eliminated, 
the transmission amplifier can be downsized, and effec- 
tive transmission diversity can be carried out. 

(Third embodiment) 

[0058] The third embodiment is a form in which a 
channel allocation is performed when communications 
is carried out at the same time using a plurality of fre- 
quency channels. 

[0059] FIGS. 9 and 10 are views each explaining a 
channel allocation according to the third embodiment. 
[0060] In FIGS. 9 and 10, TDMA-TDD system is used 
as a signal division system, and four channels including 
channel 1 to channel 4 exist in one frame. Then, trans- 
mitter 112 performs transmission using channels 1 and 
2. and transmitter 113 performs transmission using 
channels 3 and 4 having frequencies different from 
those of channels 1 and 2. Also, transmission using 
channels 1 and 3 is carried out at the same time, and 
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transmission using channels 2 and 4 is carried out at the 
same time. 

[0061] It is assumed that transmitter 112 performs 
transmission to terminal A with about 80 dB of an aver- 
age value of received signal strength by use of channel 
1 , and that transmission to terminal C with about 40 dB 
of an average value of received signal strength by use 
of channel 2. Then, it is assumed that a communication 
request with about 80 dB of the average value of re- 
ceived signal strength is sent from terminal B and that 
a communication request with about "46 dB of an aver- 
age value of received signal strength is set from terminal 
D. 

[0062] FIG. 9 shows a case in which channel 3 is al- 
located to terminal B and channel 4 is allocated to ter- 
minal D. FIG. 10 shows a case in which channel 3 is 
allocated to terminal D and channel 4 is allocated to ter- 
minal B. 

[0063] When the channel allocation is nnade as shown 
in FIG. 9, the difference in the average value of received 
signal strength is decreased (about 0 dB). Also, When 
the channel allocation is made as shown in FIG. 10, the 
difference in the average value of received signal 
strength is increased (about 40 dB). 
[0064] FIG. 11 is a view showing the relationship be- 
tween received signal strength and BER (Bit Error Rate) 
when the channel allocation is made as shown in FIG. 
10. 

[0065] In FIG. 11, a shaded area 401 denotes the 
range of received signal strength of channel 1, and a 
shaded area 402 denotes the range of received signal 
strength of channel 3. Also, a dotted line 403 denotes a 
boundary whether or not a desired performance of 
transmission diversity is satisfied A solid line 404 de- 
notes a BER characteristic curve when three branch di- 
versity transmission in which one antenna is selected 
from three antennas is performed. A solid line 405 de- 
notes a BER characteristic curve when four branch di- 
versity transmission in which one antenna is selected 
from four antennas is performed. 
[0066] As is obvious from FIG. 11 . solid line 405 falls 
below dotted line 403 but solid line 404 does not fall be- 
low solid line 403 in the range of received signal strength 
of channel 1 , which is about 40 dB of the average value 
of received signal strength. Namely, it is apparent that 
the desired performance can be satisfied when four 
branch diversity transmission is performed but it cannot 
be satisfied when three branch diversity transmission is 
performed. 

[0067] Also, both solid lines 405 and 404 fall below 
dotted line 403 in the range of received signal strength 
of channel 3, which is about 80 dB of the average value 
of received signal strength. Then, it is apparent that the 
desired perfomiance can be satisfied when four branch 
diversity transmission or three branch diversity trans- 
mission is performed. 

[0068] Here, as shown in FIG. 10. the channel alloca- 
tion is performed to increase the difference in the aver- 



age value of received signal strength and transmission 
antenna select processing as explained in the first or 
second embodiment is performed. In this case, even if 
the first antennas having the maximum received signal 
s strength are the same, second received signal strength 
of the channel with a low average value of received sig- 
nal strength is made snnaller than second received sig- 
nal strength of the channel having a high average value 
of received signal strength. 

10 [0069] Namely, the antenna selection is always per- 
formed with respect to the channel having a low average 
value of received signal strength by priority over all. As 
a result, four branch diversity transmission operation is 
performed with respect to the channel having a low av- 

15 erage value of received signal strength, and four branch 
diversity transmission operation or three branch diver- 
sity transmission operation is performed with respect to 
the channel having a high average value of received sig- 
nal strength. This satisfies the desired performance 

20 without fail. 

[0070] While, as shown in FIG. 9, when the channel 
allocation is performed to decrease the difference in the 
average value of received signal strength, both average 
values of received signal strength of channels 2 and 4 

25 by which communications is carried out at the same time 
become 40 dB. As a result, four branch diversity trans- 
mission cannot be performed by use of each channel. 
This causes a problem in which the desired perform- 
ance cannot be satisfied and the quality of transmission 

30 is deteriorated. 

[0071] Thus, in a case where communications is car- 
ried out at the same time by use of a plurality of chan- 
nels, each channel is allocated to increase the differ- 
ence in the average value of received signal strength. 

35 This makes it possible to realize transmission diversity, 
which satisfies the desired performance. 
[0072] The above embodiments explained the case in 
which two transmitters for communication channel and 
four antennas were used in the base station. However, 

40 in the present invention, no limitation is added to the 
number of transmitters and that of antennas. Even if the 
number of transmitters and that of antennas are in- 
creased or decreased, the same effect can be obtained. 
[0073] Moreover, the above embodiments were ex- 

45 plained using the base station as an example of a radio 
communication apparatus. However, the present inven- 
tion is not limited to the base station, and the same effect 
can be obtained in the other radio communication ap- 
paratuses. 

50 [0074] As explained above, according to the radio 
communication apparatus of the present invention and 
the transmission antenna changing method, the differ- 
ent antenna can be allocated as the transmission an- 
tenna for each terminal. As a result, the need for provid- 

55 ing the mixers can be eliminated, and a maximum output 
of a transmission amplifier can be reduced without de- 
teriorating quality of transmitting signals. 
[0075] The present invention is not limited to the 
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above described embodiments, and various variations 
and modifications may be possible without departing 
from the scope of tlie present invention. 
[0076] This application is based on the Japanese Pat- 
ent Application No. HEI 10-30891 5 filed on October 29. 
1998, entire content of which is expressly incorporated 
by reference herein. 



Claims 

1. A radio communication apparatus comprising: 

received signal strength detecting means 
( 1 09, 1 1 0) for detecting received signal strength 
of signals received by a plurality of antennas at 
the same time for each communication desti- 
nation and for each antenna; 
transmission antenna selecting means (111) for 
selecting antennas different from each other 
with respect to the respective communication 
destinations as transmission antennas based 
on said detected received signal strength; and 
transmission antenna changing means (114) 
for changing said transmission antenna in ac- 
■ cordance with a selection result by said trans- 

inission antenna selecting means. 

2. The apparatus according to claim 1 , wherein said 
transmission antenna selecting means selects an 
antenna with a rnaximum received signal strength 
with respect to only one communication destination 
as a transmission antenna to said corresponding 
communication destination, and when there is a 
plurality of communication destinations having the 
same antenna with a maximum received signal 
strength, said transmission antenna selecting 
means compares the second largest received sig- 
nal strength of antennas of the respective commu- 
nication destinations, and selects a transmission 
antenna with respect to each communicatjon desti- 
nation based on the comparison result. 

3. The apparatus according to.claim 2, wherein in the 
plurality of communication destinations having the 
same antenna with a maximum received signal 
strength, said transmission antenna selecting 
means allocates said antenna with the maximum re- 
ceived signal strength to the communication desti- 
nation having an antenna with a minimum value of 
the second largest received signal strength as a 
transmission antenna. 

4. The apparatus according to claim 3, wherein when 
there are antennas having a maximum received sig- 
nal strength with respect to two communication des- 
tinations, said transmission antenna selecting 
means allocates an antenna having a higher value 
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of the second largest received signal strength of 
said two communication destinations to said corre- 
sponding communication destination as a transmis- 
sion antenna, and allocates said antenna with the 
s maximum received signal strength to the other com- 
munication destination as a transmission antenna. 

5. The apparatus according to claim 4, wherein when 
the second largest received signal strength of an- 

10 tennas in two communication destinations are 
equal to each other, said transmission antenna se- 
lecting means compares the received signal 
strength of antennas with a maximum received sig- 
nal strength in said communication destinations. 

1^ and selects an antenna with a higher value of the 
received signal strength to said corresponding com- 
munication destination as a transmission antenna 
and selects the antenna with the second largest re- 
ceived signal strength to the other communication 

20 destination as a transmission antenna. 

6. The apparatus according to claim 1 . wherein said 
transmission antenna selecting means selects a 
transmission antenna for a communication channel 

25 and selects an antenna for a control channel from 
the residual antennas. 

7. The apparatus according to any one of claims 1 to 
6. wherein claim 1, wherein when communications 

30 is performed using a plurality of frequencies at the 
same time, a channel, in which a difference in an 
average value of received signal strength between 
channels is increased in a plurality of vacant chan- 
nel, is allocated to a destination station from which 

35 Si communication request is sent. 

8. A communication terminal apparatus having a radio 
communication apparatus, said radio communica- 
tion apparatus comprising: 

40 

received signal strength detecting means for 
detecting received signal strength of signals re- 
ceived by a plurality of antennas at the isame 
time for each communication destination and 
for each antenna; 

transmission antenna selecting means for se- 
lecting antennas different from each other with 
respect to the respective communication desti- 
nations as transmission antennas based on 
50 said detected received signal strength; and 

transmission antenna changing means for 
changing said transmission antenna in accord- 
ance with a selection result by said transmis- 
sion antenna selecting means. 

55 

9. A base station apparatus having a radio communi- 
cation apparatus, said radio communication appa- 
ratus comprising: 



EP 0 998 056 A2 



7 



13 



EP 0 998 056 A2 



14 



received signal strength detecting means for 
detecting received signal strength of signals re- 
ceived by a plurality of antennas at the same 
time for each communication destination and 
for each antenna; s 
transmission antenna selecting means for se- 
lecting antennas different from each other with 
respect to the respective communication desti- 
nations as transmission antennas based on 
said detected received signal strength; and io 
transmission antenna changing means for 
changing said transmission antenna in accord- 
ance with a selection result by said transmis- 
sion antenna selecting means. 

75 

1 0. A transmission antenna changing method compris- 
ing the steps of: 

detecting received signal strength of signals re- 
ceived by a plurality of antennas at the same 20 
time for each communication destination and 
for each antenna; 

selecting antennas different from each other 
with respect to the respective communication 
destinations as transmission antennas based 2S 
on said detected received signal strength; and 
changing said transmission antenna in accord- 
ance with a select ran result by said transmis- 
sion antenna selecting means. 

30 

11- The method according to claim 10, wherein an an- 
tenna having a maximum received signal strength 
with respect to only one communication destination 
is selected as a transmission antenna to said cor- 
responding communication destination, and when 55 
there is a plurality of communication destinations 
having the same antenna with a maximum received 
signal strength, the second largest received signal 
strength of antennas of the respective communica- 
tion destinatbns are compared, and a transmission 4o 
antenna with respect to each communication desti- 
nation is selected based on the comparison result. 

12. The method according to claim 11, wherein in the 
plurality of communication destinations having the 45 
same antenna with a maximum received signal 
strength, said antenna with the maximum received 
signal strength is allocated to the communication 
destination having an antenna with a minimum val- 
ue of the second largest received signal strength as so 
a transmission antenna. 

13. The method according to claim 12, wherein when 
there are antennas having a maximum received sig- 
nal strength with respect to two communication des- 55 
tinations, an antenna with a higher value of the sec- 
ond largest received signal strength of said two 
communication destinations is allocated to the cor- 



responding communication destination as a trans- 
mission antenna, and said antenna with the maxi- 
mum received signal strength is allocated to the oth- 
er communication destination as a transmission an- 
tenna. 

14. The method according to claim 13, wherein when 
the second largest received signal strength of an- 
tennas in two communication destinations are 
equal to each other, the received signal strength of 
antennas having the maximum received signal 
strength in said communication destinations are 
compared, and an antenna with a higher value of 
the received signal strength is allocated to said cor- 
responding communication destination as a trans- 
mission antenna and the antenna with the second 
largest received signal strength is allocated to the 
other communication destination as a transmission 
antenna. 

15. The method according to any one of claims 10 to 
14, a transmission antenna for a communication 
channel is selected and an antenna for a control 
channel is selected from the residual antennas. 

16. A radio communication method for transmitting sig- 
nals from antennas determined by the transmission 
antenna changing method described in claim 10, 
wherein when communications is performed using 
a plurality of frequencies at the same time, a chan- 
nel, in which a difference in an average value of re- 
ceived signal strength between channels is in- 
creased in a plurality of vacant channel, is allocated 
to a destination station from which a communication 
request is sent. 
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